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Plant breeding helps to secure and improve the yield and 
quality of plant products.1 It aims to develop plants that com-
bine resistance to diseases and pests with high quality and a 
stable yield. Nowadays, climate change and resource scarcity 
pose additional challenges.2 That is why, for example, efforts 
are being made to develop plant varieties that can better tol-
erate periods of drought, heat or nutrient deficiency.
Together with the global goods trade, climate change can also 
result in new plant diseases and pests spreading more quick-
ly and becoming established in places where they had not 
previously been found. That is why resistance to pathogens 
and pests is also an important breeding goal to reduce the 
use of pesticides.
Efficient nutrient and water use have also become a major fo-
cus of plant breeding in order to reduce the need for mineral 
fertilisers.3,4 Finally, the needs of consumers and the market 
also have to be considered in plant breeding.
Regardless of the crop and the breeding goal, the principle 
of plant breeding is always the same: if a specific trait is to 
be changed, the corresponding genetic diversity is first iden-
tified or created. Plants with the desired characteristics are 
then selected and further optimised with the aim of them be-
ing approved as new varieties after passing an independent 
variety test.5
Climate change, emerging pests and scarce resources – sustainable production of sufficient food of high quality requires 
plant varieties to be continuously adapted to current and future production systems. Regardless of the crop, the basic 
principle of plant breeding always remains the same: it is based on genetic diversity, which either arose naturally or 
was created by humans using various methods. The resulting plants are then characterised in detail, evaluated in the 
field over many years, and ultimately registered in the catalogue of varieties after being officially approved. Over the 
past decades, the range of methods available for plant breeding has continually been extended. Mutation breeding can 
be used to increase genetic diversity, and genetic engineering makes it possible to introduce genes across the species 
barrier. Genome editing, the latest set of tools, can be used to make directed changes at a specific position in the genome 
of a crop species.
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The selected progeny is then further optimised 
through multiple backcrossings with the  
original variety.
The genetic materials of the parental plants mix 
and create random, new combinations of desired 
and undesired characteristics in the progeny.
A desired trait (e.g. resistance to disease) from 
crops or wild progenitors, or a related species, 
is crossbred into an existing variety.
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Testing and approval of varieties
After a long selection process with several years of field testing, the best perform-
ing varieties are tested by an independent testing facility on behalf of the Federal 
Office for Agriculture (FOAG). In order to be approved and registered in the National 
Catalogue of Varieties by the FOAG, the variety candidate must differ from other va-
rieties and be homogenous and genetically stable. In addition, new arable crop vari-
eties are also tested in terms of their suitability for cultivation and use.6 Nowadays, 
only varieties created through cross breeding or mutation breeding are approved 
for cultivation in Switzerland. There has been a moratorium on growing genetically 
modified plants since 2005. In Switzerland and the European Union, varieties creat-
ed by genome editing are currently considered to be genetically modified plants and 
are therefore subject to the same regulatory oversight. In Switzerland, it is currently 
under discussion as to whether these regulations should be adapted for certain 
applications of genome editing.
3
Selection and optimisation
During the breeding process, plants with a desired trait (e.g. resistance to disease) 
are progressively selected. The progeny is evaluated under controlled conditions 
or in the field (phenotyping) and selected for the next breeding cycle. Individual 
or even thousands of genetic markers are used to determine which individuals 
carry the desired genetic information. This is referred to as marker-assisted or 
genomic selection. Depending on the method, the progeny must be optimised 
through additional crossings, whereby desired traits are fixed and undesired ones 
are eliminated. If the new trait is adequately combined in the progeny with other 
positive features, a potential new variety is developed.
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Generation of genetic variation
Genetic diversity is the foundation of all breeding. Since the beginning of agricul-
ture, humans have selected plants with desired traits from the existing diversity 
and propagated them in a targeted manner. In modern plant breeding, genet-
ic diversity is increased as the first step of the breeding process. Existing gene 
variants are recombined e.g. through crossing with other plants from the same 
or similar species. Mutations also help to increase genetic diversity. They arise 
spontaneously or are induced by environmental influences (sun, stress). However, 
they can also be intentionally introduced in large numbers. Mutations often do not 
have any benefits, but new and valuable characteristics are occasionally created. 
Classical genetic engineering can be used to combine desired characteristics both 
within a species (cisgenic) and across species barriers (transgenic). Finally, the 
recently developed genome editing tools can be used in different ways to change 
the genetic material in a specific manner.
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The selected progeny must only be optimised 
through additional crossings in certain cases.
The desired changes take place at a specific, 
previously determined location in the genome. 
This results only in rare cases in additional 
undesired changes.
The genetic material of a variety is modified 
using genome editing tools. Selected genes 
can be randomly mutated, specifically  
changed or inserted as a whole.
Crop
The selected progeny is then optimised 
through additional crossings.
The new genes are integrated once or several 
times at a random position in the genome, 
which can sometimes result in undesired 
changes.
One or more genes from a plant of the same 
species (cisgenic) or a different species (trans-
genic) are introduced into an existing variety 






These undesired mutations are then removed 
from the selected progeny through multiple 
backcrossings and the progeny is further 
optimised.
Alongside the randomly created and desired 
mutations, countless other undesired changes 
are also introduced in the genome.
Radiation or treatment with chemicals are 
used to induce random mutations in the  
genetic material of a crop.
Crop
Genome editingClassical genetic engineeringMutation breeding
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Genome editing – a new tool in plant breeding
Genome editing uses gene scissors such as TALEN, zinc 
finger nucleases or CRISPR/Cas. For CRISPR/Cas, they are 
based on bacterial proteins that have been around for mil-
lions of years. Gene scissors can be used for different mod-
ifications of the genetic material. With the simplest form of 
genome editing, incorrect repair of the DNA double strand 
break caused by the gene scissors results in random mu-
tations, which can result in the inactivation of the gene. An-
other form of genome editing uses a template to specifically 
change parts of a gene, which can potentially repair a defec-
tive gene. Finally, complete genes can be inserted from the 
same species (cisgenic) or a different species (transgenic) at 
a specific position in the genome. Genome editing tools are 
continually being developed further to make the changes 
more efficient and precise.
Genome editing differs from other methods in terms of its 
specificity. Individually selected genes or gene segments 
can be changed without impacting the remaining genome 
significantly. In contrast, mutation breeding causes many 
changes at random positions in the genome. Genome edit-
ing is also more targeted than classical genetic engineering, 
as with the latter genes are inserted into the genome at 
random positions.
The specificity of genome editing makes it possible to in-
troduce individual traits (e.g. resistance to disease) into a 
variety in a targeted manner without changing the remain-
ing desired characteristics. This can significantly speed up 
the development of new varieties but is only possible if the 
genetic mechanism and the underlying genes of the desired 
trait are known. This requires extensive basic research, par-
ticularly for complex traits that are encoded by multiple in-
teracting genes.
Sustainable agricultural production systems take advantage 
of the highest possible genetic diversity among varieties 
used for breeding and cultivation, particularly in terms of 
protection against diseases and pests. Genome editing has 
the potential to make the gene pool of wild ancestors more 
accessible,7 for example by efficient reintroduction of genes 
and traits that were lost during domestication.8 Yet it is also 
important to continually extend genetic diversity through 
crossings and new combinations of whole genomes. A wide 
diversity of wild plants and crops must therefore be con-
served as an important resource that can also be used for 
future breedings.
Unintentional genome modifications can occur with all 
breeding methods. With cross breeding, many undesired 
gene variants are present that come from the parental 
plants. With mutation breeding, thousands of mutations 
arise that could influence other plant traits. Similarly, the 
random positioning of new genes using classical genetic en-
gineering can have unintended effects. Unintended changes 
can also occur with genome editing, but these are much less 
common than with mutation breeding and classical genetic 
engineering. Although the gene scissors cut at very specific 
locations in the genome they may, in rare cases, also be 
active in other regions. However, most of these unintended 
changes are eliminated through additional crossings or dur-
ing selection.
Traceability is a challenge with genome-edited plants. Sim-
ple forms of genome editing induce mutations that could 
also arise naturally or are created through mutation breed-
ing. As it is not possible with such mutations to draw con-
clusions about the method that introduced them, there are 
open questions about regulation based on the methods 
used.9
Genome editing has quickly become established in research 
and breeding around the world.4 By 2018, around 100 appli-
cations of genome editing with potential market relevance 
had been characterised in 28 different crop varieties.10 Ge-
nome editing is also extensively used in basic research in 
Switzerland. However, there are currently no known breed-
ing projects to develop genome-edited varieties for Switzer-
land. Furthermore, only varieties that were created by cross 
breeding or mutation breeding are currently approved for 
cultivation in Switzerland. The question of whether, and un-
der which legislation, plants developed by genome editing 
should have a place in Switzerland in the future is a current 
matter of political and social debate. In any case, it is critical 
that Switzerland continues to play a leading role in research 
with and on genome editing, in order to shape the discus-




Swiss Academy of Sciences (SCNAT) • Forum for Genetic Research 
House of Academies • Laupenstrasse 7 • P.O. Box • 3001 Bern • Switzerland 
+41 31 306 93 34 • geneticresearch@scnat.ch • geneticresearch.scnat.ch
EDITORS
Luzia Guyer • Sandro Käser • Franziska Oeschger
AUTHORS
Ueli Grossniklaus (University of Zurich) • Monika Messmer (Research Institute 
of Organic Agriculture FiBL) • Roland Peter (Agroscope) • Jörg Romeis (Agros-
cope) • Bruno Studer (ETH Zurich)
REVIEWERS
Roland Kölliker (SSA, ETH Zurich) • Adrian Rüegsegger (TA-SWISS) • Olivier 
Sanvido (SECO) • Roman Ulm (University of Geneva) • Michael Winzeler 
(formerly Agroscope)
TRANSLATION AND CORRECTIONS





This fact sheet was produced by the Forum for Genetic Research together with 
the Platform Biology and the Swiss Society of Agronomy (SSA). The English ver-
sion of the fact sheet was translated and adapted from the original German 
version.
Citation: Grossniklaus U, Messmer M, Peter R, Romeis J and Studer B (2020) 
Plant breeding – from cross breeding to genome editing. Swiss Academies 
Factsheet 15 (3)




1 R Braun, U Grossniklaus, D Gygax, S Kohler, P Matthias, J Romeis, O 
Sanvido und P Stieger (2013) Gentechnisch veränderte Nutzpflan-
zen und ihre Bedeutung für eine nachhaltige Landwirtschaft in der 
Schweiz. Swiss Academies of Arts and Sciences.
2 Federal Office for Agriculture (2016) Strategie Pflanzenzüchtung 2050. 
Berne.
3 A Walter et al. (2014) The Swiss plant breeding sector – a spatial, tem-
poral and thematic analysis. Agrarforschung Schweiz, 5 (9), 366-373.
4 TA-SWISS (2019) Genome Editing: Interdisziplinäre Technikfolgenab-
schätzung. vdf Hochschulverlag AG, 70, Zurich.
5 Federal Office for Agriculture (2017) Weisung des Bundesamtes für 
Landwirtschaft betreffend der Aufnahme einer Sorte in die Sortenver-
ordnung des BLW. Bern.
6 Federal Office for Agriculture (2008) Sorten, Saat- und Pflanzgut in der 
Schweiz. Bern.
7 A Zsögön et al. (2018) De novo domestication of wild tomato using 
genome editing. Nature Biotechnology, 36, 1211-1216.
8 M M Andersen et al. (2015) Feasibility of new breeding techniques for 
organic farming. Trends in Plant Sciences, 20:7, 426-34.
9 L Grohmann et al. (2019) Detection and identification of genome editing 
in plants: challenges and opportunities. Frontiers in Plant Science, 
10:236.
10 Nationale Akademie der Wissenschaften Leopoldina, Deutsche 
Forschungsgemeinschaft und Union der deutschen Akademien der 
Wissenschaften (2019) Wege zu einer wissenschaftlich begründeten, 
differenzierten Regulierung genomeditierter Pflanzen in der EU / 
Towards a scientifically justified, differentiated regulation of genome 
edited plants in the EU. Halle (Saale).
Further literature and information
• J Carlin (2011) Mutations are the raw materials of evolution. Nature 
Education Knowledge, 3(10):10  
https://www.nature.com/scitable/knowledge/library/mutations- 
are-the-raw-materials-of-evolution-17395346/
• Research Institute of Organic Agriculture (2012) Plant Breeding Tech-
niques  
https://shop.fibl.org/chde/1202-plant-breeding.html
• Max-Planck-Institut für Molekulare Pflanzenphysiologie, Geschäftsstel-




• M Messmer (2011) Dossier zur Beschreibung und Beurteilung von 
Züchtungsmethoden für den ökologischen Landbau 
https://orgprints.org/20044/1/__Dossier_Züchtungsmethoden_
DEUTSCH_V41_.pdf
• https://www.transgen.de
• https://www.pflanzenforschung.de/de/home
• https://www.fibl.org/en/themes/plant-breeding.html
• https://www.blw.admin.ch/blw/de/home/nachhaltige-produktion/
pflanzliche-produktion/pflanzenzuechtung.html
